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Abstract 
Poor thermal comfort of indoor and low efficiency of heating system can always be found in the buildings with large energy 
consumption. This paper adopted a comparison method to carry on the energy consumption analysis of several control and 
operation regulation modes of heat metering heating system. A demonstration project in Tianjin was selected as an example to 
calculate the energy consumption of circulating water pumps of the secondary pipe network in different combinations of control 
and regulation, and carries on the comparative analysis. It is concluded that circulating water pumps will be the lowest energy 
consumption under the remote constant pressure control. And it points out the major problems existing in current, which is 
beneficial for scholars’ further study on heat metering system. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
With the rapid development of economy and the improvement of life standard of people, the area of residents 
construction increases greatly, which result in higher energy consumption. The energy consumption of buildings has 
always accounted for a large proportion of total societal energy consumption. In 2013, building energy consumption 
accounted for nearly 19.5% of total energy consumption in China [1]. Among them, the heating energy consumption 
in north urban accounted for 24.0% of the building energy consumption [1]. With comprehensive consideration of 
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energy efficiency and economic benefits, the recommended scheme that could improve the overall energy efficiency 
by 71.20% was determined [2]. Ascione et al. [3] thinks that the selection of the energy efficiency measures is a 
multi-objective optimization problem. Towards a multi-objective optimization approach for improving energy 
efficiency in buildings, Diakaki et al. and Asadi et al. [4-5] all corroborate the practicability of this approach and 
highlight potential problems that may arise. Penna et al. [6] think that introducing incentives to foster solutions not 
economically profitable is necessary, but more efficient in terms of energy savings and indoor thermal comfort. 
Therefore, carrying on the energy efficiency retrofit (EER) is essential. While the heat metering retrofit, as an 
important content of building energy efficiency retrofit, has been attached more and more importance and it has 
become a priority among priorities of building energy saving in china.  
This paper analyzes the control and operation regulation mode of heat metering heating system, which is based on 
the present situation in Tianjin. And it points out the major problems existing in current. According to the survey, the 
regulation of heat metering heating system adopts the combination of the three adjustment way, which is the 
centralized regulation mode of heat source, local regulation of thermal station and the individual regulation of 
terminal equipment. Indoor temperature regulation, climate compensation and variable flow operation is the main 
characteristic of control of heat metering system. 
2. Indoor temperature controlling 
With the implementation of heat reforms in China, the application of thermostatic radiator valves has been 
gaining popularity in the new-style district heating systems [7]. According to the survey, the current implementation 
of the heating metering system is provided with a temperature control device. In order to analyze the effect of 
temperature control of temperature control device at the heating season 2012-2013 in Tianjin, which is a random 
sample of 500 radiator heating users and 50 ground radiation heating users in the early cold period, the severe cold 
period and the end of the severe cold period, it divided into three times test about the indoor temperature by placing 
the temperature recorder in the user home. Figure 1 show that temperature of radiator heating room ranges from 18 
to 20ć and radiant floor heating room temperature is 20 to 22ć, which is accounted for a larger proportion. 
Through calculation, the average indoor temperature of radiator heating users is about 19ć and the average indoor 
temperature of floor radiation heating users is about 21ć. 
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Fig. 1. Frequency distribution curve of indoor temperature of the radiant floor heating and radiator heating 
The test results show that: the temperature control effect of radiator heating room is good, at the same time the 
indoor temperature of the ground radiation heating room is high and it is not conducive to saving energy operation. 
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Because the thermal inertia of floor radiant system is greatly, the indoor temperature caused by the change of flow 
and water temperature change has a large hysteresis. Coupled with user self-regulation, it leads the temperature set 
value of thermostatic valve and adjusting frequency differs from man to man. Therefore, the current feedback 
control of temperature control device commonly used cannot achieve effective control, resulting in room 
temperature fluctuation large and high room temperature. 
It investigates Tianjin heat consumption of 10 districts in heating season, and these are all the three step energy 
saving buildings. The heating time is a total of 151 days from November 1st to April 1st next year. Among the end 
equipment of the heat, floor radiant heating and radiator heating have seven. The terminal device of heating and 
heating heat consumption of different area is shown in table 1. 
  Table 1. The heat consumption of residential unit area. 
District 
number The terminal heating form 
Energy consumption 
per unit area 
˄kWh/m2˅ 
The average heat 
consumption
˄kWh/m2˅ 
Index of heating loss 
˄W/m2˅ 
1 Floor radiant heating 132.89 
136.05 37.54 
2 Floor radiant heating 151.03 
3 Floor radiant heating 139.43 
4 Floor radiant heating 115.52 
5 Floor radiant heating 141.36 
6 Radiator heating 144.32 
124.47 34.35 
7 Radiator heating 122.84 
8 Radiator heating 110.44 
9 Radiator heating 104.98 
10 Radiator heating 139.79 
 
From table 1, we can be drawn: the conversion of the energy efficiency standards prescribed under the conditions 
of the building heat consumption index were 37.54W/m2 and 34.35W/m2, and this was higher than the calculated 
outdoor mean air temperature for heat consumption index of the standard building of the -0.2ć; Terminal heating 
form is radiant floor heating and radiator heating. Room average heating consumption per unit area was 
136.05kWh/m2 and 124.47kWh/m2, and the heat consumption of floor radiant heating rises 9.30% over the radiator 
heating.  
The ends of heating form of ground radiation heating room without control device effectively can’t use free heat, 
such as the equipment heat, solar radiation heat etc. So it leads to higher energy consumption. In view of this, in 
order to fully tap the potential of energy saving system, researching the effective way of temperature control is 
necessary to ground radiation heating system. 
3. Heating regulation of the heat source and heating stations 
3.1. Operation regulation mode 
According to the survey of the project, the heat source and heat exchange station widely use combined regulation 
of climate compensation and variable flow operation control method. Primary network of heat metering system 
adopts "climate compensator" means. With the change of outdoor temperature, in order to change supply water 
temperature of the secondary network, it goes the total of large amplitude constitution adjustment. This is the 
preferred way of active adjustment. While the secondary network quantity regulation is due to the user to adjust for 
saving heating costs on the charging condition of heat metering. While self-operated temperature control valve make 
the system to become the variable flow system, this is a passive way of adjustment [8]. 
According to the research result, the operation regulation of primary network is still focusing on central quantity 
adjustment; using climate compensation device regulates the supply water temperature along with the change of 
outdoor temperature. At the same time, in order to adapt the change of supply water temperature of the secondary 
network, it needs to adjust the operation flow. 
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3.2. Regulation mode of variable-speed pumps 
According to the survey, there are two main types of variable frequency control for pumps in Tianjin heat 
metering system. First, through the constant differential pressure of a position of network control the frequency of 
pumps; second, according to the change characteristics of the outdoor temperature, control strategy uses manual 
conversion stages. The pressure control point position on the pipeline operation conditions and the energy 
consumption of the pump has different effects in pipe network system. From the current research status, constant 
pressure difference control method generally uses proximate constant pressure difference control method of thermal 
power station outlet or inlet. Table 2 shows electricity consumption of water pump, adopting the proximate constant 
pressure difference control of 18 heat exchange station from 2012 to 2013 heating season. 
    Table 2. The power consumption statistics of pumps on the control of proximate constant differential pressure of secondary network. 
Number 
Heating area 
(m2) 
Power consumption 
(kWh/a) 
Annual electricity 
consumption of unit 
area 
(kWh/ m2•a) 
Power consumption of 
unit quantity of heat 
(kWh/ GJ•a) 
1 61900 59967 0.97 3.79 
2 60688 58622 0.97 3.34 
3 13064 16852 1.29 3.31 
4 54623 51168 0.94 3.84 
5 45684 25319 0.55 2.14 
6 45825 33942 0.74 2.42 
7 22497 15956 0.71 2.84 
8 65259 55375 0.85 2.50 
9 52246 51544 0.99 2.93 
10 34255 30721 0.90 3.30 
Average 45604 39947 0.89 3.04 
 
The control of so-called stage manual frequency sets the different frequency in the heating season of early cold 
period, the cold period and late cold period. From the investigation of the current situation, using this control mode 
of heat metering system holds the great proportion. 
    Table 3. The power consumption statistics of pumps on the control of phased manual frequency control of secondary network. 
Number 
Heating area 
(m2) 
Power consumption 
(kWh/a) 
Annual electricity 
consumption of unit 
area 
(kWh/ m2•a) 
Power consumption of unit 
quantity of heat 
(kWh/ GJ•a) 
1 89774 162060 1.81 —— 
2 90267 113218 1.25 —— 
3 134648 124110 0.92 2.68 
4 76624 84360 1.10 —— 
5 89379 127440 1.43 4.93 
6 136407 149620 1.10 2.88 
7 99358 183664 1.85 —— 
8 62812 52700 0.84 —— 
9 117315 78660 0.67 2.16 
10 99548 140760 1.41 4.15 
Average 99613 121659 1.24 3.36 
 
1034   Junke Wang and Deying Li /  Procedia Engineering  121 ( 2015 )  1030 – 1036 
In order to compare the differences of transportation energy of heat metering system and traditional heating 
system, we selected eight heat transfer stations of conventional heating systems. These eight heat exchanger stations 
adjust the flow of quality adjustment by stages. Pump power consumption from 2012 to 2013 heating season are 
shown in table 1-4. 
    Table 4. The power consumption statistics of secondary network pumps operated in changing flow by stages. 
Number Heating area (m2) 
Power consumption 
(kWh/a) 
Annual electricity 
consumption of unit area 
(kWh/ m2•a) 
Power consumption of 
unit quantity of heat 
(kWh/ GJ•a) 
1 97336 155520 1.60 4.39 
2 96058 115344 1.20 3.26 
3 89499 100080 1.12 —— 
4 78855 103680 1.31 —— 
5 75473 118840 1.57 3.32 
6 105058 128250 1.22 —— 
7 128216 104080 0.81 —— 
8 87242 108360 1.24 —— 
Average 94717 116769 1.26 3.66 
 
According to the data of Tables 1 to 4, we can see that pumps in three different adjustment modes are the phased 
change flow regulation, phased manual frequency control and proximate constant pressure difference control. The 
power consumption of average unit area are respectively 1.26kWh/m2Ьaǃ1.10kWh/m2Ьa and 0.96kWh/m2Ьa. 
In order to eliminate the effect of differences in building heat loss on the pump power consumption, using the 
pump energy consumption of unit heating quantity analyzes the energy saving of transmission distribution of heat 
metering system. As we can see, pumps in three different adjustment modes are regulation, phased manual 
frequency control and proximate constant pressure difference control. The power consumption of average unit 
quantity of heat is respectively 3.66kWh/GJЬaǃ3.36kWh/GJЬa and 3.15kWh/GJЬa. 
The calculation results show that: as the temperature control valve for the utilization of free heat will reduce the 
system flow. Due to the reduced flow will reduce the electricity consumption of water pump, even if the operating 
constant frequency pumps. So compared with the regulation method of traditional heating system by stages, 
adjusting frequency manually of heat metering system by stages will save 8.93%; Compared with the phased change 
flow and adjusting frequency manually by stages, the frequency conversion adjustment on the control of proximate 
constant pressure difference will respectively save 13.93% and 6.25%. 
4. Regulation mode of building heating entrance 
4.1. Hydraulic balance way of building heating inlet 
According to the climate change, it carries out centralized flow adjustment for the traditional heating system. 
Constant flow distribution ratio between end users can basically meet the needs of each user. With the use of the 
user self-regulation and thermostatic valve for free heat, flow distribution proportion of demand between each user 
in heat metering system will change. While the static balance valve as a components of variable resistance 
coefficient has no dynamic adjustment ability, so the user needs to rely on terminal temperature control device to 
realize the dynamic flow control and temperature control. 
4.2. The demand for regulation of thermostatic valve on the hydraulic control device of the thermal inlet 
Control devices of heat entrance not only guarantee the need of static hydraulic balancing, but also need to ensure 
the dynamic temperature control valve in the operating conditions of the regulation demand. 
First, it needs to ensure effective regulation of thermostatic valve in the desired range of minimum valve 
authority. Although the terminal temperature control device can control the room temperature, its control accuracy is 
also affected by the degree of the right valve. The degree of the valve is greater, the control precision is higher. If 
the pressure drop of control loop is too large, the degree of the thermostatic valve will small and influence the 
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control accuracy, and it leads to thermostatic valve in the frequent switch control on many conditions. At this time, 
even if the hydraulic balance by using the static balance valve, in order to ensure the degree of the thermostatic 
valve is large enough, it still need to set up the self-operated pressure control valve to control the differential 
pressure of control loop. 
According to the research, available pressure difference of the building heat entrance is usually reserved for 
40kPa ~ 60kPa. If the heat entrance set self-operated pressure control valve to control the pressure difference, it 
usually does not include thermal entrance resistance and generally is 20kPa ~ 40kPa, and the design degree of the 
thermostatic valve is less than 0.1. While the thermal entrance is not set pressure difference control device, the total 
pressure difference of control loop is the pump head. At this time, the design degree of the thermostatic valve is far 
less than 0.1. As the decreasing of the degree of the thermostatic valve, the adjustable minimum load ratio is 
gradually increasing. The minimum acceptable degree of the thermostatic valve is still inconclusive under load 
variation characteristic of Tianjin heat metering system. If the system load changes in a small range, minimum load 
of the actual operation is relatively high, and a minimum acceptable degree of the valve is small. On the contrary, 
the required degree of the valve is bigger. Therefore, acceptable degree of the valve   is influenced by the changing 
characteristics of system load. 
Secondly, it needs to ensure the thermostatic valve does not produce noise in the closing process. According to 
the research on the city of Tianjin, the heat entrance of heat metering system of the new design commonly used 
hydraulic control mode, combined with static balance valve and self-operated pressure control valve heat metering 
system; and the current build put into operation generally only set self-operated pressure control valve in heat 
entrance; Individual system of early completion only install static balance valve. 
China's industry standard [9] about the part of adjustment and control of the system puts forward the following 
main requirements: building entrance of the central heating system should install static hydraulic balancing valve; 
when the indoor heating system is a variable flow system, it should not be a self-operated flow control valve, 
whether the set of self-operated pressure control valve should be determined through the calculation of the 
differential pressure variation amplitude of heat entrance. 
Although our industry standard has expositions, there still exist some different viewpoints on the self-operated 
pressure control valve settings. At some point, the thermal entrance of building in variable flow system must install 
self-operated pressure control valve, which not only can reduce regulating workload of the static hydraulic balance, 
but also ensures that the degree of the terminal temperature control valve and does not produce noise in the closing 
process. Some scholars and engineers think that the heat entrance of buildings installed only static balance valve is 
sufficient; relying on the thermostatic valve of the end of the system can fully guarantee thermal regulation demand. 
The above two kinds of views exist over-generalization problem. Whether to set the self-operated differential 
pressure controller, it should be determined according to the comprehensive analysis of the system scale and the 
dynamic change characteristics of the differential pressure. The change characteristics of the differential pressure are 
influenced by the flow change characteristics. In view of this, it is necessary to analyze the flow change 
characteristics of heat metering system. 
5. Conclusions 
According to the investigation and analysis of the heat metering system of Tianjin city, we can draw: 
x At present, due to the characteristics of a large thermal inertia in floor radiant system, the terminal of control 
devices of room temperature can’t meet the adjustment. So it leads to a large fluctuation in room temperature and 
high energy consumption. And it cannot give full play to its energy saving. 
x It lacks the study on the thermostatic valve authority guaranteeing the control requirement of room temperature, 
and the value authority will directly affect the effect of room temperature control and self-operated pressure 
control valve selection. 
x In the premise of meeting the need of heating, there are differences in the operational flow of different climate 
compensation methods, so it will affect the transportation energy consumption. At present, it lacks the 
quantitative study of the transportation energy consumption under the combined operation adjustment mode of 
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climate compensation and variable flow operation. So it is not conducive to energy conservation and optimization 
operation of the metering heating system. 
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